ported among some patients. [3] [4] [5] Recent studies have shown that health conditions typically associated with risk for seasonal influenza complications were also found among individuals with 2009 influenza A(H1N1) admitted to an intensive care unit (ICU), including chronic lung disease, neurological disorders, diabetes, and pregnancy. [4] [5] [6] Changes in the immune, cardiac, and respiratory systems are likely reasons that pregnant women are at increased risk for severe illness with influenza. 7, 8 During previous pandemics, mortality rates among pregnant women appeared elevated, [9] [10] [11] [12] and data from seasonal influenza demonstrate that pregnant women are at higher risk for hospitalization than women a year before pregnancy 13 or 6 months after delivery.
14 A study of pregnant US women with confirmed or probable 2009 influenza A(H1N1) during the first month of the outbreak as reported to the CDC showed that 11 of the 34 cases (32.4%) were hospitalized and that hospital admission rates for pregnant women were 4 times higher than those for the general population. 15 The objective of this project was to further describe the effects of 2009 influenza A(H1N1) on pregnant women. We present data on all influenza cases of pregnant women reported to the CDC with symptom onset from April through August 21, 2009 , including data on maternal characteristics, underlying illness, severity of illness, and maternal outcomes related to timing of antiviral treatment. In addition, we provide an update of all pregnant women with influenza who were admitted to an intensive care unit (ICU) or who died, with symptom onset from August 21 through December 31, 2009, who were reported to the CDC Pregnancy Flu Line by January 31, 2010.
METHODS
On August 24 and 26, 2009 , the CDC requested that all state health departments and the local health departments for Chicago, New York City, and the District of Columbia (N=53) provide additional information on all pregnant women reported with confirmed or probable 2009 influenza A(H1N1) from the beginning oftheoutbreakinApril2009throughAu-gust 21, 2009 , using a standardized case reportform.Aconfirmedcasewasdefined as an individual reported with acute respiratory illness and laboratory-confirmed 2009 influenza A(H1N1) by real-time reverse-transcriptase polymerase chain reaction (rRT-PCR) or viral culture. A probablecasewasdefinedasanindividual with an acute febrile respiratory illness, a positive test for influenza A, and a negative influenza rRT-PCR test result for H1 and H3. 16 The case report form included data elements to assess demographics, gestational age, underlying conditions, treatment, illness onset, and severity including hospitalization and maternal and infant outcomes. Gestational weeks at illness onset were computed as 40 weeks− (estimated delivery date−illness onset date)/7. Some jurisdictions chose to provide gestational age as either month of pregnancyorgestationalweeks.Forthose women who delivered, gestational age at delivery was computed as 40 weeks−(estimated delivery date−actual delivery date)/7. Delivery at gestational age less than37completedweekswascategorized as a preterm delivery. Underlying conditionswereenteredasopentextandwere classified into the following categories: asthma, chronic lung disease, pregestational and gestational diabetes, obesity, thyroiddisease,immunesuppression,autoimmune disease, neurological disease, cardiovasculardisease,hypertension,anemia, and other. Hospitalization was defined as admission and discharge dates occurring 1 or more days apart; patients with admission and discharge dates occurring on the same day were included in the analyses but were designated as not being hospitalized. Hospital length of stay was computed as (discharge date)−(admissiondate).Severalhealthdepartments chose to provide hospital length of stay directly. Among hospitalized women, a yes, no, or unknown response was requested for ICU admission and mechanical ventilation. Hospitalized patients who were reported to have mechanical ventilation were classified as having received ICU care, even if ICU status was not provided on the report form. Demographic and clinical characteristics of women with severe outcomes (hospitalization, ICU admission, and maternal deaths) were assessed. However, because these groups are not mutually exclusive and therefore not independent (maternal deaths are a subset of ICU admission, and ICU admission is a subset of all hospitalizations), statistical tests comparing these groups were not performed.
Relative risks (RRs) and 95% confidence intervals (CIs) were calculated for severe outcomes (hospital and ICU admission, mechanical ventilation, and maternal death) by timing of antiviral treatment: none; late, more than 4 days after symptom onset; intermediate, 3 to 4 days after symptom onset; and early, within 2 days of symptom onset. Stratified analysis for ICU admission or death among hospitalized patients was used to compare intermediate and late treatment with early treatment by pregnancy trimester at illness symptom onset. We decided a priori to use the early-treatment group as the referent instead of the no-treatment group because the latter includes pregnant women who might have had mild illness and recovered without treatment.
A significant amount of data on some variables was missing. Data collection was conducted as part of public health response and was deemed exempt from review by an institutional review board.
RESULTS
During our initial period of data collection (April-August 2009), we received responses from 50 of the 53 state and local health departments contacted, which reported a total 788 cases. The number of total cases reported per health department ranged from 1 from 11 states to 135 from a single state. Two states reported no cases. The 48 health departments that reported at least 1 case covered service areas representing approximately 97% of all US births. 18 Among the health departmentsreportingonpregnantwomenwith 2009 influenza A(H1N1), 5 reported only on hospitalized pregnant women. The 3 health departments that reported the most cases-representing 37% of the total cases-reported that 92% of pregnant women with influenza in their jurisdictions had been hospitalized.
The most commonly reported racialethnic groups among 788 reported cases were Hispanic (32.8%), non-Hispanic white (22.7%), non-Hispanic black (19.1%),andAsian/PacificIslander(5.7%; TABLE 1). Among the 30 deaths, 44.8% werenon-Hispanicwhite,27.6%wereHis-panic, and 13.8% were Asian/Pacific Islander,and6.9%werenon-Hispanicblack. Maternal median age was 25 (range, 14-43) years and was similar among patients who died (Table 1) . Eleven states accounted for 76% of the pregnant women reported to the CDC, and 37% of the pregnant women with 2009 influenza A(H1N1) influenza reported from these stateswereofHispanicethnicity,thesame proportion as observed among live births from these states. 18 The earliest date of influenza illness onset was April 14, 2009 , and the latest was August 21, 2009 , the last day of the requested data collection. Of the 592 women with available information on trimester, 11.3% were in their first, 42.2% were in their second, and 46.5% were in their third trimester of pregnancy. Among the 30 women who died, 3 (10.0%) were in their first, 9 (30.0%) were in their second, and 18 (60.0%) were in their third trimester.
Health departments provided information on the presence or absence of underlying conditions for 432 pregnant women (54.8%), of whom 213 had 1 or more underlying condition (49.3%). The most frequently reported conditions were asthma (22.9%), obesity (13.0%), pregestational or gestational diabetes (6.7%), anemia (3.5%), and hypertension (3.0%; Table 1 ). Underlying conditions were more common among hospitalized women (55.3%), women admitted to the ICU (62.8%), and deaths (78.3%). Among pregnant women who died, asthma was the most common underlying condition reported in 10 (43.5%). To further examine the association between antiviral treatment with illness severity and any interaction with pregnancy trimester, we stratified analyses for ICU admission among hospitalized women by trimester ( .jama.com). Women with symptom onset in the third trimester accounted for a higher proportion of severe illness (49% of ICU admissions and 64% of deaths), but severe illness occurred in all 3 trimesters and 7% of deaths had symptom onset in the first trimester. In the first 4 months of the pandemic, 77 women admitted to the ICU (67%) received mechanical ventilation compared with 91 in the latter 4 months of the pandemic (55%; P= .09). 24 included herein, a nationwide summary of infected pregnant women has not been published since early in the pandemic when a series of 34 infected pregnant women in the first month of the outbreak was reported. 15 Pregnant women represent approximately 1% of the US population, 15 yet they accounted for 5% of US deaths 21 5,6,25 that demonstrate that pregnant women with influenza are at increased risk of serious illness and death. In addition, delayed treatment of antiviral therapy was associated with more severe illness and death as previously shown for both seasonal influenza and 2009 influenza A(H1N1), whereas early treatment initiation has been associated with reduced illness duration, symptom severity, mortality, and incidence of secondary complications, hospitalizations, and need for antibiotics. 21, [26] [27] [28] [29] [30] [31] Our analysis supports current public health recommendations for pregnant women that include vaccination with 2009 influenza A(H1N1) monovalent vaccine 32 and early treatment of women who present with possible 2009 influenza A(H1N1) with antiviral medications.
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Data from previous pandemics and seasonal influenza suggest that risk of influenza complications might be higher in the second and third trimester of pregnancy than in the first trimester. 10, 11, 13, 14 Consistent with this, we observed a higher proportion of ICU admissions and deaths occurring in the second and especially third trimester; however, pregnant women in all 3 trimesters were at increased risk of influenza-associated complications, especially when early antiviral treatment was not instituted.
Among hospitalized women, treatment administered within 2 days and from 3 to 4 days was associated with less severe disease. These data suggest that some benefit might be achieved even if treatment is delayed as many as 4 days after symptom onset, 33 similar to data on hospitalized patients with seasonal influenza in which benefit is observed when treatment is initiated more than 48 hours after symptom onset. 30 The reasons for delayed treatment are unknown but could indicate reluctance of pregnant women or clinicians to use antiviral medication because of concern for risk to the fetus, despite available evidence suggesting that treatment benefit likely outweighs the potential risk. 34, 35 In addition, although we did not collect information on date of presentation to medical care, some women may have delayed seeking medical care. Other reasons for delayed treatment could include inappropriate reliance on influenza diagnostic testing, such as rapid influenza diagnostic tests that have been shown to have low sensitivity (10%-70%) for the 2009 influenza A(H1N1) influenza virus. [36] [37] [38] [39] [40] [41] During the current outbreak, pregnant women with suspected influenza should be given empirical treatment as early as possible. Decisions regarding treatment should not be based on diagnostic testing, given issues with performance and timeliness of currently available tests. 42 The proportion of women reported to have a condition (in addition to pregnancy) that would place them at higher risk for influenza-associated complications 43 increased from 55.3% among hospitalized patients to 78.3% among those who died. The most common underlying condition was asthma, seen in 23.0% of hospitalized patients, 25.6% of ICU admissions, and 43.5% of deaths. The prevalence of obesity in our cases was slightly higher than that reported among women of childbearing age. 44 Although limited information on obesity was obtained from health department reports, documentation of prepregnancy body mass index was unavailable, so the definitions of obesity during pregnancy are nonstandardized. Other studies have also suggested a higher than expected prevalence of obesity among hospitalized and severely ill patients with 2009 influenza A(H1N1), 5, 6, 45 although many obese patients had other underlying conditions that placed them at higher risk.
Among women in our series for whom data on pregnancy outcomes were available, the rate of preterm birth (30.2%) was higher than the rate of preterm births (13%) reported nationally for the year 2007, 46 consistent with data suggesting a high rate of preterm delivery during previous pandemics. 11, 12, 47 However, it should be noted that complete follow-up on all pregnancy outcomes, which would be needed to produce an unbiased estimate of preterm births, was not available. In addition, pregnant women in our series had a higher rate of underlying conditions, which may have predisposed them to preterm delivery.
These data support recommendations of the Advisory Committee on Immunization Practices, identifying pregnant women as 1 of 5 initial target groups for the 2009 influenza A(H1N1) monovalent vaccine.
32 Despite recommendations from the Advisory Committee on Immunization Practices and the American College of Obstetricians and Gynecologists 43, 48 and from studies that show no evidence of increased maternal or fetal risk from immunization, 49 pregnant women appear to be reluctant to receive 50 and clinicians appear to be reluctant to offer 51 seasonal influenza vaccination. Preliminary data from a time of limited vaccine availability, based on a survey of only 150 women, suggest that the uptake of 2009 influenza A(H1N1) vaccine among pregnant women (38%; 95% CI, 24%-52%) may be higher than that observed in previous years for seasonal influenza vaccine. 52 To increase uptake further, pregnant women and their clinicians should be educated about the risks associated with influenza during pregnancy and made aware of the recommendations that vaccine can prevent illness from both seasonal influenza and 2009 influenza A(H1N1). Other strategies that might increase vaccination include instituting standing orders and reminder systems, and designating certain health care workers as vaccine champions. 53, 54 This study includes data on the largest number of pregnant women with 2009 influenza A(H1N1) influenza reported thus far; however, several limitations need to be considered. Our findings likely represent an underestimate of the total number of pregnant women with 2009 influenza A(H1N1) during this time period and an overestimate of the proportion of pregnant women with severe illness. It is likely that some reported cases of illness may not include relevant pregnancy status information, particularly among women in the first trimester who may be unaware of their pregnancy. Later in the study time period, confirmatory testing for 2009 influenza A(H1N1) influenza was limited to individuals with severe disease, and case-based reporting was limited to severe or hospitalized cases as the outbreak progressed and resources became limited. Therefore, the cases presented herein are likely an overrepresentation of severe cases. In addition, given that data were collected by public health authorities in the midst of a national public health emergency, the data requested were limited to an abbreviated data-collection instrument; thus, not all information of interest (eg, details of medical care provided, preexisting conditions, insurance coverage, socioeconomic status) was available for review. Although information on race and ethnicity was abstracted, it was not formally analyzed because we believe its distribution was reflective of the population of reporting states rather than a meaningful risk factor.
Another limitation is that data were often not available for all variables, especially for those not hospitalized; we noted that the level of missing data decreased as severity of illness increased. Missing information was highest for presence or absence of highrisk conditions and lowest for maternal age and hospital admission status. Missing data were also an issue for pregnancy outcomes, either because delivery had not yet occurred or because this information had not been reported to the health department. Finally, the numbers of cases available for some analyses, especially those related to treatment timing by trimester, were small and have sometimes resulted in unstable estimates.
In conclusion, based on data from the first 4 months of the H1N1 pandemic and corroborated by data through December of 2009, pregnant women are disproportionately represented among deaths due to 2009 H1N1. Among pregnant women with 2009 influenza A(H1N1) influenza reported to the CDC, early antiviral treatment appears to be associated with fewer admissions to an ICU and fewer deaths.
